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ADAPTIVE BANDWIDTH UTILIZATION FOR 
TELEMETERED DATA 

BACKGROUND OF THE INVENTION 

1. Statement of the Technical Field 
The inventive arrangements relate to the ?eld of data 

propagation, and more particularly, to formatting a commu 
nications bitstream. 

2. Description of the Related Art 
In a typical communications system, the priority status 

assigned for transmission of different data types within a 
bitstream is pre-determined and does not change. However, 
the importance of the data may indeed change. For example, 
in a tactical command and control system, the importance of 
certain types of data may vary based on a type of mission 
being executed. For instance, battery voltage information 
may have low importance during nominal operation of a 
particular system, but access to such information may 
become very important if a hardware fault occurs. Similarly, 
status information of a weapons system may have low to 
moderate importance during a search mission, but the weap 
ons status information will be critically important during 
combat operations. 

Methods have been developed to improve network com 
munications, but such methods do not automatically repriori 
tiZe data transfer when the importance of data being propa 
gated changes. For example, U.S. Pat. No. 6,563,517 to 
Bhagwat et al. (hereinafter “Bhagwat”) concerns methods, 
devices and systems for dynamically adjusting transcoding 
parameters so as to increase the bene?ts of transcoding. The 
methods of adaptation are designed to cope with the variabil 
ity of network characteristics and of the siZe of transcoded 
images, but such methods do not address changing data pri 
orities; to the contrary, a user pre-de?nes data priorities. 
Accordingly, if data were to suddenly become important due 
to a change in operational circumstances, the data would not 
be reprioritiZed without some level of user interaction. 

SUMMARY OF THE INVENTION 

The present invention relates to a method and a system for 
optimiZing bandwidth utiliZation in a communications net 
work in which a commutated bitstream is transmitted. The 
present invention can include a commutation format de?ni 
tion generator which processes at least one triage value to 
automatically generate commutation format de?nitions. The 
triage values can represent priority levels of data elements in 
particular system states and can be used to determine data 
transmission rates applicable to the data elements. 

Each commutation format de?nition that is generated can 
be assigned to a particular system state and de?ne the com 
mutation format for a commutated bitstream transmitted by a 
data source in that system state. Additionally, a plurality of 
commutation format de?nitions can be assigned to each sys 
tem state, with each commutation format de?nition being 
optimiZed for a speci?c range of available bandwidth. 
Accordingly, transmission of the commutated bitstream can 
be optimiZed for both the current system state and the network 
bandwidth that is currently available. 
By way of example, the commutation format de?nition 

generator can receive a set of triage values which includes at 
least a ?rst triage value assigned to a data element for a ?rst 
system state and a second triage value assigned to the data 
element for a second system state. The commutation format 
de?nition generator can process the ?rst triage value when 
generating commutation format de?nitions for the ?rst sys 
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2 
tem state, and process the second triage value when generat 
ing commutation format de?nitions for the second system 
state. 

A data source, which includes a commutation engine, can 
process the commutation format de?nitions to generate a 
commutated bitstream. In particular, the commutation engine 
can process a ?rst commutation format de?nition correlating 
to a ?rst system state to generate the commutated bitstream 
when the data source is in the ?rst system state. When a 
change in the system state is identi?ed, for example when the 
system changes from the ?rst system state to a second system 
state, the commutation engine can process a second commu 
tation format de?nition to format the commutated bitstream. 
In one arrangement, the data source can receive the triage 
values correlating to the second system state and automati 
cally generate the second commutation format de?nition to 
be implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a communications network which is 
useful for understanding the present invention. 

FIG. 2 is a diagram illustrating a serial bitstream data 
format which is useful for understanding the present inven 
tion. 

FIG. 3 is a diagram illustrating another serial bitstream data 
format which is useful for understanding the present inven 
tion. 

FIG. 4 is ?ow diagram depicting generation of commuta 
tion format de?nitions from data element triage values. 

FIG. 5 is a ?owchart that is useful for understanding a 
method of generating commutation format de?nitions from 
data element triage values. 

FIG. 6 is a ?owchart that is useful for understanding a 
method of generating a data stream sequence from relative 
repetition rates. 

FIG. 7 is a ?owchart that is useful for understanding a 
method of formatting a commutated bitstream with a new 
commutation format when a change in a system state occurs. 

FIG. 8 is a diagram depicting layers of the open systems 
interconnection (OSI) standard which are useful for under 
standing the method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment in accordance with the present invention 
relates to a system and a method for adaptively propagating 
data in a commutated bitstream based on data element prior 
ity. More particularly, when a system state change occurs in a 
system generating data elements transmitted in the commu 
tated bitstream, for example the system changes from a ?rst 
system state to a second system state, a commutation format 
de?nition correlating to the new system state can be automati 
cally selected for formatting the commutated bitstream. The 
selected commutation format de?nition also can de?ne a data 
transmission rate that is optimiZed for the available band 
width. Accordingly, data transmission can remain optimiZed 
without user interaction when the system state and/or avail 
able bandwidth changes. 
A further embodiment relates to a system and a method for 

automatically generating the commutation format de?ni 
tions. Notably, each data element to be transmitted in the 
commutated bitstream can be assigned a triage value for each 
system state. The triage values can be used to automatically 
generate commutation format de?nitions for the respective 
system states and data transmission rates. Thus, state speci?c 
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commutation format de?nitions can be generated in an e?i 
cient manner requiring minimal user input. 
An example of a communications netWork 100 Which is 

useful for understanding the present invention is depicted in 
FIG. 1. The communications netWork 100 can comprise a 
Wide area netWork (WAN), a local area netWork (LAN), a 
telemetry system, a public sWitched telephone netWork 
(PSTN), a public sWitched data netWork (PSDN), an intranet, 
the Internet, a mobile radio communications netWork, a cel 
lular telephone communications network, and/or any other 
suitable communications netWork. 
A data source 105 and a data client 110 can be communi 

catively connected as nodes of the communications netWork 
100. The data source 105 can be a processing device opera 
tively connected to the communications netWork 100 and 
Which can propagate a commutated bitstream 115 to the data 
client 110. Similarly, the data client 110 can be a processing 
device operatively connected to the communications netWork 
100 Which can receive the commutated bitstream 115 from 
the data source 105. 

The data source 105 and the data client 110 each can be 
computers such as servers, Workstations, personal computers, 
portable computers, application speci?c processing systems, 
or any other devices or systems Which can communicate 
using a commutated bitstream. Further, the data source 105 
and the data client 110 each can include a respective proces 
sor 125, 160. The processors 125, 160 can be central process 
ing units (CPUs), digital signal processors (DSPs), applica 
tion speci?c integrated circuits (ASICs), or any other suitable 
processors. By Way of example, the data source 105 and/or 
the data client 110 can be components of emergency response 
systems, battle?eld management systems, satellite systems, 
security systems, transportation systems, health monitoring 
systems, environment monitoring systems, energy supply 
systems, communications systems, or any other systems in 
Which available bandWidth may vary. 

The data source 105 can include a netWork interface 130 
for transmitting data. The netWork interface 130 also can 
receive data, although the invention is limited in this regard. 
The netWork interface 130 can be, for example, a modem or 
transceiver. Modems and transceivers are Well knoWn to the 
skilled artisan. In particular, the netWork interface 130 can 
transmit the commutated bitstream 115 via the communica 
tions netWork 100. 

The data source 105 also can include a commutation 
engine 135 Which generates the commutated bitstream 115. 
The commutation engine 135 can comprise an output module 
140 and a formatter module 145. The formatter module 145 
can place data 150 into the commutated bitstream 115 in 
accordance With commutation format de?nitions 155. The 
output module 140 can apply appropriate messaging proto 
cols to communicate the commutated bitstream 115 over the 
communications netWork 100. Notably, the commutated bit 
stream 115 can be transmitted using any suitable messaging 
protocol. Such messaging protocols are also knoWn to the 
skilled artisan. 
As de?ned herein, a commutated bitstream is a serial 

stream of data containing a plurality of interspersed data 
elements. The commutated bitstream 115 can be organiZed in 
accordance With one or more commutation format de?nitions 
155 Which de?ne the structure of the commutated bitstream 
115. The commutation format de?nitions 155 can, for 
example, de?ne What data elements to include in the commu 
tated bitstream 115, de?ne sampling rates to be used for the 
data elements, de?ne the position of the data elements in the 
commutated bitstream 115, de?ne hoW many bits are allo 
cated for each data element, and/ or de?ne any other bitstream 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
parameters. Further, the commutation format de?nitions 155 
can provide conditional formatting. For instance, the commu 
tation format de?nitions 155 can include Boolean logic and/ 
or conditional statements. 

The commutation format de?nition 155 that is used to 
format the commutated bitstream 115 can be selected based 
on the state of the data source 105 (or the state of a system to 
Which the data 105 pertains). Further, conditions of the com 
munications netWork 100 also can be evaluated When select 
ing the commutation format de?nition 155. For example, 
available bandWidth and data latency in the communications 
netWork 100 can be considered. 

The commutation format de?nitions 155 can be contained 
in a data store contained Within, or communicatively linked 
to, the data source 105. The data store can be, for example, an 
electronic storage medium, an optical storage medium, a 
magnetic storage medium, a magneto-optical storage 
medium, or any other type of storage medium Which can store 
data. In one arrangement, the commutation format de?nitions 
155 can be contained in data tables. HoWever, the invention is 
not limited in this regard. For instance, the commutation 
format de?nitions 155 can be stored as data ?les, text ?les, or 
in any other suitable manner. Further, the commutation for 
mat de?nitions 155 can be replaced, appended or deleted, and 
neW commutation format de?nitions can be added to change 
available commutation format options. 
The data client 110 can include a netWork interface 165 for 

receiving data. The netWork interface 165 also can transmit 
data, although the present invention is not so limited. The 
netWork interface 165 can be used to receive the commutated 
bitstream 115. The data client 110 also can include a decom 
mutation engine 170 Which decommutates the commutated 
bitstream 115 to produce replicated data 185. The decommu 
tation engine 170 can comprise an input module 175 and a 
deformatter module 180. The input module 175 can receive 
the commutated bitstream 115 and translate the commutated 
bitstream 115 to remove messaging protocol information. 
The deformatter module 180 can parse data 150 from the 

commutated bitstream 115 in accordance With commutation 
format de?nitions 190. The commutation format de?nitions 
190 can correlate to the commutation format de?nitions 155. 
For example, the commutation format de?nitions 190 can be 
similar or identical to the commutation format de?nitions 
155. Again, the commutation format de?nitions 190 can be 
contained in a data store. 

In one arrangement, the deformatter module 180 can ana 
lyZe the commutated bitstream 115 to select an appropriate 
commutation format de?nition 190. For example, the defor 
matter module 180 can parse one or more identi?ers 120 from 
the commutated bitstream 115. The identi?er 120 can be 
contained in packet (or frame) headers, trailers, or any other 
suitable locations Within the commutated bitstream 115. 

The identi?er 120 can be any identi?er Which indicates to 
the data client 110 Which commutation format de?nition 190 
to select for decommutating the commutated bitstream 115. 
For example, the identi?er 120 can be a commutation format 
identi?er that indicates Which commutation format de?nition 
155 Was used to commutate the commutatedbitstream 115. In 
another arrangement, the identi?er 120 can be a state indica 
tor Which indicates the current state of the data source 105 (or 
a system to Which the data 150 pertains) and/or the conditions 
of the communications netWork 100. The identi?er 120 can 
be sent at periodic intervals, each time the data source 105 (or 
a system to Which the data 105 pertains) changes state, and/or 
each time the commutation format of the commutated bit 
stream 115 changes. 
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Data elements Which are transmitted in the commutated 
bitstream 115 can be prioritized so that certain data elements 
are allocated a minimum number of time slots for a given 
period of time in each respective commutation format. Thus, 
certain data elements can be given priority over other data 
elements. More particularly, if data element priorities change 
due to a system state change in the data source 105 (or other 
system), for example the data source 105 changes from a ?rst 
system state to a second system state, a commutation format 
de?nition 155 correlating to the neW system state can be 
automatically selected. Accordingly, transmission of the data 
elements can be optimally prioritized for the neW system state 
Without user interaction. 

Other details of the commutation and decommutation 
engines and associated modules and functions are disclosed 
in commonly assigned U.S. Pat. Nos. 6,048,366 and 6,256, 
602, commonly assigned U.S. patent application Ser. No. 
l0/445,640 ?led May 27, 2003, and commonly assigned 
International Patent Application No. W0 01/ 55874, the dis 
closures of Which are hereby incorporated by reference in 
their entirety. In the case of con?ict the present speci?cation, 
including de?nitions, Will control. 

Referring to FIG. 2, a diagram is shoWn Which illustrates an 
example of the commutated bitstream 115 formatted With a 
?rst commutation format de?nition optimiZed for a given 
system state and data transmission rate. As shoWn, the com 
mutated bitstream 115 contains a plurality of data elements 
Which are transmitted in time slots 225. For example, the 
commutated bitstream 115 can contain a ?rst data element 
205, a second data element 210, a third data element 215, and 
other data elements 220. In this example, the ?rst data ele 
ment 205 has been given a high priority status, While the 
second and third data elements 210, 215 have not. 

Referring to FIG. 3, a diagram is shoWn of an example of 
the commutated bitstream 115 formatted in accordance With 
a second commutation format de?nition. The second com 
mutation format de?nition can be selected if the system state 
of the data source 105 changes. Such a state change may cause 
the importance of the data elements 205, 210, 215 and/ or 220 
to change. For instance, in the present example the second and 
third data elements 210, 215 have been given a high priority 
status, While the priority of the ?rst data element 205 has been 
reduced. Accordingly, the sampling rate of the second and 
third data elements 210, 215 has increased While the sampling 
rate of the ?rst data element 205 has decreased. The sampling 
rate of other data elements 220 can be adjusted to ?ll times 
slots 225 Which are not used by the ?rst, second or third data 
elements 205,210, 215. 

In this example, tWo data elements Were assigned high 
priority status, but the invention is not limited in this regard. 
Importantly, multiple priority levels can be established and 
any number of data elementsior none at all4can be 
assigned to each priority level. The number of time slots 
allocated to each data element can be determined based on the 
transmission baud rate and the number of data elements 
assigned to each priority level. 

FIG. 4 is diagram depicting generation of commutation 
format de?nitions 155 from data element triage information 
410 using a commutation format de?nition generator 405. 
The commutation format de?nition generator 405 can be 
contained in the data source, the data client, or in any other 
suitable system in the communications netWork. Further, the 
commutation format de?nition generator 405 can be imple 
mented as hardWare, softWare, or a combination of hardWare 
and softWare. For example, the commutation format de?ni 
tion generator can be implemented as a processor executing 
suitable program code. 
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6 
The data element triage information 410 can be contained 

in data tables, such as table 415. HoWever, the invention is not 
limited in this regard. For instance, the data element triage 
information 410 can be stored as data ?les, text ?les, or in any 
other suitable manner. Advantageously, the data element tri 
age information 410 can be updated, appended or deleted at 
any time by users having appropriate permissions. Moreover, 
commutation format de?nitions can be automatically re-gen 
erated When such changes to the triage information 410 are 
implemented. Accordingly, data transmitted in the commu 
tated bitstream can re?ect current informational require 
ments. 

The data table 415 can comprise a data element identi?er 
420 Which identi?es a data element Which is to be transmitted 
in the commutated bitstream. The data table 415 also can 
comprise one or more triage values 425 Which are assigned to 
each data element identi?er 420. Each triage value 425 can 
indicate the priority of a correlating data element 420 for a 
particular system state 430. Each system state 430 can corre 
late to a possible system state of a system With Which the data 
elements are associated. For example, the data elements 420 
can represent telemetry from an autonomous vehicle and the 
system states 430 can represent system states of the autono 
mous vehicle. 

The data table 415 canbe presented to a user in any suitable 
manner, for example in a graphical user interface (GUI). In 
such an arrangement, the data table 415 can be con?gured to 
alloW the user to sort data based on different criteria, thus 
enabling the user to quickly see Where the important data 
resides. For instance, the user can be presented With select 
able options for representing each of the triage values 425 in 
a particular manner. More speci?cally, the user can be pre 
sented With selectable options for representing the triage val 
ues 425 With numbers, labels, hues, or in any other manner 
Which indicates a level of priority. 

For example, the user can select to vieW each triage value 
425 as a number Which indicates a high level of priority for a 
data element 420, or as a labelisuch as loW, medium, high, 
critical, etc. *WhiCh indicates such level of priority. In an 
arrangement in Which the triage values 425 are assigned 
numbers, labels can be displayed to indicate in Which numeri 
cal ranges the triage values are assigned. For instance, triage 
values Which are assigned numbers in the range from 0 to 4 
can be identi?ed as “loW,” triage values Which are assigned 
numbers in the range from 5 to 9 can be identi?ed as 
“medium,” and so on. 

In another arrangement, the triage values 425 can be color 
coded to indicate, at a glance, a degree of criticality of a data 
element. Notably, any desired color schemes can be used. For 
example, a dark color, such as dark blue, could be used to 
indicate a triage value 425 Which is associated With a data 
element having a very loW priority. Similarly, a bright color, 
such as bright red, could be used to indicate a triage value 425 
Which is associated With a data element having a very high 
priority. 

In yet another arrangement, a direct correlation can be 
de?ned betWeen numbers Which are used to indicate priority 
levels and the color hues that are presented. For example, a 
sliding color scale can be presented to the user in the GUI 
When the user selects a particular system state 430 for a 
particular data element 420. The user can use the sliding color 
scale to select a priority level for a data element 420 by 
selecting a particular color hue. A number Which correlates to 
the selected color hue then can be assigned as the triage value 
425 for the data element 420 in the selected system state 430. 

Each data element 420 also can have an associated maxi 
mum report rate (not shoWn). The maximum report rate can 
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be a maximum desired rate at Which a data element should be 
transmitted in the commutated bitstream assuming maximum 
available bandwidth. For instance, the maximum report rate 
can be expressed as a number of data element reports per 
period. 
A ?owchart is shoWn in FIG. 5 that presents an example of 

a method 500 that can be used to process the triage values for 
generating a commutation format de?nition. The commuta 
tion format de?nition can allocate the data elements to spe 
ci?c locations in the commutated bitstream based on data 
element priority. Notably, commutation format de?nitions 
can be created independently for each speci?c system state 
and data transmission rate. In the example method 500, the 
triage values can be processed to determine a relative repeti 
tion rate for each data element to be transmitted in the com 
mutated bitstream. A data stream sequence then can be gen 
erated based on these relative repetition rates and stored in a 
commutation format de?nition. Importantly, other methods 
can be used to generate the commutation format de?nition, 
and the invention is not limited to the speci?c embodiment 
disclosed herein. 

The method 500 can begin at step 502 Wherein a ?rst 
system state is selected from the data table. The standard 
deviation of the triage values assigned to the data elements for 
the ?rst system state then can be determined, as shoWn in step 
504. For example, given the triage values 425 for state 1 in the 
table 415 of FIG. 4, the standard deviation can be calculated 
to be 4.32. 

Referring to step 506, a ?rst data rate can be selected. The 
?rst data rate can, for example, be a maximum transmission 
rate of the commutated bitstream, a minimum transmission 
rate, a nominal transmission rate, or any other desired trans 
mission rate. At step 508, a standard deviation factor SF can 
be selected for the selected data rate. The standard deviation 
factor can be selected from a look-up table or calculated using 
an equation that includes the selected data rate as a parameter. 
The standard deviation factor can be used to adjust the range 
of repetition rates applicable to the range of data elements. In 
particular, a standard deviation factor Which is greater than 1 
Will proportionally increase the repetition rate of data ele 
ments having higher triage values relative to data elements 
having loWer triage values. Accordingly, a standard deviation 
factor greater than 1 is advantageous to insure high priority 
data elements are transmitted at a suf?ciently high repetition 
rate When the available bandWidth is loW. Similarly, a stan 
dard deviation factor Which is less than 1 Will proportionally 
increase the repetition rates of data elements having loWer 
triage values relative to the repetition rates of data elements 
having higher triage values. Accordingly, a standard devia 
tion factor less than 1 can be used to provide a greater reso 
lution of loW priority data Without adversely affecting the 
repetition rates of high priority data, When suf?cient band 
Width is available to do so. 

For illustration purposes, the standard deviation factor for 
the ?rst system state is selected to be 1. Proceeding to step 
510, a relative repetition rate for each data element can be 
determined for the selected data rate. For example, for each 
triage value TV” a standard deviation quotient SDQ” can be 
determined using the folloWing equation: 

SDQfTVfSF/SD (1) 

Where SD is the standard deviation of the triage values 
assigned to the selected system state. For the triage values 425 
for state 1 in table 415, the standard deviation quotients SDQ 
are 3.01, 2.55, 2.08, 1.62, 1.16, 0.69, 0.23 for data elements 1 
through 7, respectively. The standard deviation quotients then 
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8 
can be normalized to integer values to generate the relative 
transmission frequencies. Normalization of the standard 
deviation quotients can be accomplished in any suitable man 
ner. For example, in one arrangement the relative repetition 
rate R can be determined by the folloWing equation: 

Rn:ROUND(SDQn+(1—SDQmZ-n)) (2) 

Where SDQml-n is the loWest standard deviation quotient from 
the range, Which is 0.23 in the present example. Thus, for state 
1 in table 415, the relative repetition rates Would be 4, 3, 3, 2, 
2, 1, 1 for data elements 1 through 7, respectively. 

Continuing to step 512, the data stream sequence then can 
be generated based on the relative repetition rates and stored 
in a commutation format de?nition. The relative repetition 
rates can be processed in any suitable manner to generate the 
data stream sequence. One such method is presented in FIG. 
6 and discussed beloW. An example of a data stream sequence 
generated With the above relative repetition rates could be: 

{1,2,3,4} {1,2,3,5} {1,2,3,4} {1,5,6,7} 
in Which “1” represents data element 1, “2” represents data 
element 2, and so on. In this example four data elements are 
transmitted in each frame. 

At step 514 the data stream sequence can be stored in a 
commutation format de?nition. An identi?er can be provided 
With the commutation format de?nition to correlate the com 
mutation format de?nition to the system state and data rate to 
Which the data stream sequence correlates. 

Proceeding to decision box 516 and step 518, a next data 
rate can be selected to generate additional commutation for 
mat de?nitions for the selected system state. The implemen 
tation of additional commutation format de?nitions can 
insure optimal data transmission for variety of data transmis 
sion rates, Which is advantageous When a data source Will be 
operating in an environment Where the bandWidth is limited 
and dynamically changing. More particularly, the additional 
commutation format de?nitions can be optimiZed to consis 
tently transmit high priority data elements With suf?cient 
repetition. This can be accomplished by selecting the stan 
dard deviation factor to be greater than 1 When the available 
bandWidth is loW, and selecting the standard deviation factor 
to be less than 1 When there is su?icient bandWidth available. 

Proceeding again to step 508, a standard deviation factor, 
for example 2, can be selected for the second data rate. Pro 
ceeding again to step 510, equations (1) and (2) can be applied 
to the triage values 425 for state 1 using a standard deviation 
factor of 2. The resulting repetition rates are 7, 6, 5, 4, 3, 2, 1, 
respectively. An example of a data stream sequence for such 
repetition rates Would be: 

{1,2,3,4} {1,2,3,4} {1,2,3,5} {1,2,3,4} {1,2,5,6} {1,2,3, 
4} {1,5,6,7} 
On the other hand, applying equations (1) and (2) to the 

same triage values using a standard deviation factor of 0.5 
Will provide relative repetition rates of 2, 2, 2, 2, 1, 1, 1, 
respectively. An example of a data stream sequence for such 
repetition rates could be: 

The process can continue until a commutation format de? 
nition has been generated for the ?rst system state at each data 
rate. The method then can continue to decision box 520 and 
step 522 Wherein a next system state is selected and the 
process can repeat. The process can end at step 524 after 
commutation format de?nitions have been generated for each 
system state at each repetition rate. 

FIG. 6 presents a method 600 Which can be used to generate 
a data stream sequence from the relative repetition rates. 
Beginning at step 602 a ?rst frame canbe selected. At step 604 
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a counter C” for each data element can be set to the relative 
priority value determined for that data element. Proceeding to 
step 606, a data element With the highest value C” can be 
selected and inserted into the present frame. Continuing to 
step 608, C” for that data element can be decremented by 1. 
Referring to decision boxes 610 and 612, if there are addi 
tional data elements having Cn>0 and the present frame is not 
full, then the next data element D” of the remaining data 
elements (not including the data element just placed into the 
present frame) having the highest value of C” can be selected 
and inserted into the present frame, as shoWn in step 614. C” 
for data element D” then can be decremented by 1, as shoWn 
in step 616. 

Referring again to decision box 612, if the present frame is 
full, then at step 618 the next frame can be selected. Referring 
again to step 606, the data element D” (selected from all of the 
data elements) having the highest value of C” can be selected 
into the present frame and the process can continue until there 
are no data elements left having Cn>0. When this occurs, the 
process can end as shoWn in decision box 610 and step 620. In 
one arrangement, if the last frame is not full, data elements 
having the highest relative repetition rates can be selected and 
inserted into the last frame until the frame is full. 

At this point it should be noted that the commutation for 
mat de?nitions can be automatically generated prior to, dur 
ing, or after activation of a system Which uses the commuta 
tion format de?nitions. For example, the system can be 
updated With neW commutation format de?nitions at anytime. 
Indeed, in one arrangement the triage values can be stored in 
the system and the system can automatically generate an 
appropriate commutation format de?nition When such a de? 
nition is needed. For example, a neW commutation format 
de?nition can be generated in accordance With steps 508 
through 514 of FIG. 5 each time the system changes state or 
the available bandWidth changes. In particular, the system can 
select a standard deviation factor correlating to the available 
bandWidth and selected triage values correlating to the cur 
rent system state to generate a neW commutation format de? 
nition each time the system state changes or the available 
bandWidth changes by a prescribed amount. 

FIG. 7 presents a method 700 of formatting a commutated 
bitstream With a neW commutation format When a change in a 
system state occurs. The system states can be user de?ned 
and/ or determined by one or more algorithms Which process 
system data. For example, for a surveillance aircraft, a ?rst 
system state can be de?ned to be a state in Which the aircraft 
is taxiing to a runWay. A second system state can be a state in 
Which the aircraft is taking off, a third system state can be a 
state in Which the aircraft is proceeding to its target, and a 
fourth system state can be a state in Which the aircraft has 
reached its target and begins surveillance. A ?fth system state 
can be a state in Which a speci?c type of malfunction has 
occurred Within the aircraft. Of course, there is no limitation 
to the number or types of system states that can be de?ned. 
A change in system state can be identi?ed in any suitable 

manner. For example, a system state change can be identi?ed 
by processing data received from sensors, processing teleme 
tered data, or monitoring a system clock. Importantly, the 
invention is not limited in this regard any process suitable for 
identifying a system change is Within the scope of the present 
invention. 

Beginning at step 702, a commutated bitstream can be 
formatted using a commutation format de?nition correlating 
to a present system state and the commutated bitstream can be 
transmitted, as shoWn in step 704. Referring to decision box 
706, if a change in a system state occurs, for example the 
surveillance aircraft reaches its target and begins surveil 
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10 
lance, a decision can be made Whether to stop transmission of 
data, as shoWn in step 708. If transmission of data is still 
required, then the commutated bitstream can be formatted 
With a commutation format de?nition correlating to the neW 
operational state, as shoWn in step 710. Alternatively, the 
commutated bitstream transmission can end, as shoWn in step 
712. Transmission of the commutated bitstream can re-com 
mence at anytime data needs to be transmitted and the process 
can repeat. 

Referring to FIG. 8, a diagram is shoWn depicting the seven 
layers 800 of the open systems interconnection (OSI) stan 
dard Which can be used to de?ne the structure of the commu 
nications netWork in Which the aforementioned method is 
implemented. The seven layers 800 can include an applica 
tion layer 805, a presentation layer 810, a session layer 815, a 
transport layer 820, a netWork layer 825, a data link layer 830 
and a physical layer 835. Notably, the method can be imple 
mented in a layer that is above the netWork layer 825. For 
example, the method can be implemented in the session layer 
815 and/ or in the transport layer 820 . Accordingly, the present 
invention is independent of the netWork protocol or netWork 
hardWare that is being used, and therefore can be imple 
mented in existing communications netWorks Without requir 
ing changes to the netWork hardWare or softWare. 
The present invention can be realiZed in hardWare, soft 

Ware, or a combination of hardWare and softWare. The present 
invention can be realiZed in a centraliZed fashion in one 
computer system, or in a distributed fashion Where different 
elements are spread across several interconnected computer 
systems. Any kind of computer system or other apparatus 
adapted for carrying out the methods described herein is 
suited. A typical combination of hardWare and softWare can 
be a general purpose computer system With a computer pro 
gram that, When being loaded and executed, controls the 
computer system such that it carries out the methods 
described herein. 
The present invention also can be embedded in a computer 

program product, Which comprises all the features enabling 
the implementation of the methods described herein, and 
Which When loaded in a computer system is able to carry out 
these methods. Computer program or application program in 
the present context means any expression, in any language, 
code or notation, of a set of instructions intended to cause a 
system having an information processing capability to per 
form a particular function either directly or after either or both 
of the folloWing: a) conversion to another language, code or 
notation; b) reproduction in a different material form. 

This invention can be embodied in other forms Without 
departing from the spirit or essential attributes thereof. 
Accordingly, reference should be made to the folloWing 
claims, rather than to the foregoing speci?cation, as indicat 
ing the scope of the invention. 

We claim: 
1. A method for optimiZing bandWidth utiliZation in a 

communications netWork, comprising: 
de?ning a plurality of operating states of an autonomous 

vehicle, each associated With one of a plurality of activi 
ties performed by said autonomous vehicle in connec 
tion With a mission, said plurality of activities exclusive 
of data communication functions; 

dynamically determining a current operating state of said 
autonomous vehicle based on a current activity of said 
autonomous vehicle; 

generating data elements in a communication system 
onboard said autonomous vehicle, said data elements to 
be transmitted in a commutated bitstream; 
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automatically generating a commutation format de?nition 
for said data elements Which de?nes a commutation 
format for said commutated bitstream, said automati 
cally generated commutation format de?nition auto 
matically selectively determined based on said current 
operating state of said autonomous vehicle; and 

formatting said commutated bitstream using said auto 
matically generated commutation format de?nition; 

Wherein said automatically generated commutation format 
de?nition speci?es a data stream sequence for transmit 
ting all of said data elements in said commutated bit 
stream, said data stream sequence based on at least a 
relative priority level of said data elements during said 
current operating state. 

2. The method according to claim 1, Wherein said auto 
matically generating said ?rst commutation format de?nition 
step further comprises receiving at least one triage value 
specifying said relative priority level for at least one of the 
data elements. 

3. The method according to claim 2, further comprising 
de?ning the triage value to correlate to a data transmission 
rate. 

4. The method according to claim 1, further comprising 
automatically generating at least a second commutation for 
mat de?nition for a second operating state of said autono 
mous vehicle generating said data elements. 

5. The method according to claim 4, further comprising 
receiving a plurality of triage values for at least one of the data 
elements, at least a ?rst one of said plurality of triage values 
correlating to said current operating state and at least a second 
one of saidplurality of triage values correlating to said second 
operating state. 

6. The method according to claim 1, Wherein said current 
operating state is determined by a particular activity in Which 
said autonomous vehicle generating data elements is engaged 
When said commutated bitstream is being generated. 

7. A method for optimiZing bandWidth utiliZation in a 
communications netWork comprising: 

de?ning a plurality of operating states of an autonomous 
vehicle, each associated With one of a plurality of activi 
ties performed by said autonomous vehicle in connec 
tion With a mission, said plurality of activities exclusive 
of data communication functions; 

dynamically determining a current operating state of said 
autonomous vehicle based on a current activity of said 
autonomous vehicle; 

generating data elements in a communication system 
onboard said autonomous vehicle, said data elements to 
be transmitted in a commutated bitstream; and 

responsive to a change in said current operating state, auto 
matically selectively modifying a commutation format 
de?nition of said commutated bitstream; 

Wherein said automatically modi?ed commutation format 
de?nition speci?es a data stream sequence for transmit 
ting all of said data elements in said commutated bit 
stream responsive to said identi?ed change in said cur 
rent operating state, said data stream sequence based on 
at least a relative priority level of said data elements 
during said current operating state. 

8. A method for optimiZing bandWidth utiliZation in a 
communications netWork comprising: 

de?ning a plurality of operating states of an autonomous 
vehicle, each associated With one of a plurality of activi 
ties performed by said autonomous vehicle in connec 
tion With a mission, said plurality of activities exclusive 
of data communication functions; 
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12 
dynamically determining a current operating state of said 

autonomous vehicle based on a current activity of said 
autonomous vehicle; 

generating data elements in a communication system 
onboard said autonomous vehicle, said data elements to 
be transmitted in a commutated bitstream; 

automatically generating a commutation format de?nition 
for said data elements Which de?nes a commutation 
format for said commutated bitstream, the automatically 
generated commutation format de?nition automatically 
selectively determined based on said current operating 
state of said autonomous vehicle; and 

responsive to identifying a change of the operating state 
from said current operating state to a second operating 
state, formatting the commutated bitstream With the 
automatically generated commutation format de?nition; 

Wherein said automatically generated commutation format 
de?nition speci?es a data stream sequence for transmit 
ting all of said data elements in said commutated bit 
stream, said data stream sequence based on at least a 
relative priority level of said data elements for said sec 
ond operating state. 

9. The method according to claim 8, Wherein said auto 
matically generating said commutation format de?nition step 
further comprises receiving at least one triage value specify 
ing said relative priority level for at least one of the data 
elements. 

10. The method according to claim 9, further comprising 
de?ning the triage value to correlate to the second operating 
state. 

11. The method according to claim 9, further comprising 
de?ning the triage value to correlate to a data transmission 
rate. 

12. The method according to claim 8, Wherein said at least 
one operating state is determined by a particular activity in 
Which said autonomous vehicle generating data elements is 
engaged When said commutated bitstream is being generated. 

13. A commutation format de?nition generator, compris 
ing: 

an operating state determining means for 
accessing a storage device including information de?n 

ing a plurality of operating states of an autonomous 
vehicle, each associated With one of a plurality of 
activities performed by said autonomous vehicle in 
connection With a mission, said plurality of activities 
exclusive of data communication functions, 

dynamically determining at least a current operating 
state of said autonomous vehicle based on a current 
activity of said autonomous vehicle con?gured for 
generating data elements to be transmitted in a com 
mutated bitstream; and 

a generating means for automatically generating a com 
mutation format de?nition for said data elements 
Which de?nes a commutation format for said commu 
tated bitstream, Wherein said automatically generated 
commutation format de?nition is automatically selec 
tively determined by said generating means based on 
said current operating state of said autonomous 
vehicle; 

Wherein said automatically generated commutation format 
de?nition speci?es a data stream sequence for transmit 
ting all of said data elements in said commutated bit 
stream, said data stream sequence based on at least a 
relative priority level of said data elements during said 
current operating state. 

14. The commutation format de?nition generator accord 
ing to claim 13, Wherein said commutation format de?nition 
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generator processes at least one triage value specifying said 
relative priority level of said data elements to generate said 
commutation format de?nition. 

15. The commutation format de?nition generator accord 
ing to claim 14, Wherein the triage value correlates to a data 
transmission rate. 

16. The commutation format de?nition generator accord 
ing to claim 13, Wherein the commutation format generator 
automatically selectively generates at least a second commu 
tation format de?nition for a second operating state of said 
autonomous vehicle generating data elements transmitted in 
the commutated bitstream. 

17. The commutation format de?nition generator accord 
ing to claim 16, Wherein the commutation format de?nition 
generator receives a plurality of triage values for at least one 
of the data elements, at least a ?rst of said plurality of triage 
values correlating said current operating state and at least a 
second of said plurality of triage values correlating to said 
second operating state. 

18. The commutation format de?nition generator accord 
ing to claim 13, Wherein said current operating state is deter 
mined by a particular activity in Which said autonomous 
vehicle generating data elements is engaged When said com 
mutated bitstream is being generated. 

19. A system comprising: 
a commutation format de?nition generator Which 

accesses a storage device including information de?ning 
a plurality of operating states of an autonomous 
vehicle, each associated With one of a plurality of 
activities performed by said autonomous vehicle in 
connection With a mission, said plurality of activities 
exclusive of data communication functions, 

dynamically determines a current operating state of said 
autonomous vehicle based on a current activity of said 
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autonomous vehicle con?gured for generating data 
elements to be transmitted in a commutated bitstream, 
and 

automatically generates a commutation format de?ni 
tion for said data elements Which de?nes a commuta 
tion format for said commutated bitstream, said auto 
matically generated commutation format de?nition 
automatically selectively determined based on said 
current operating state of said autonomous vehicle; 
and 

a commutation engine Which automatically changes said 
commutation format of the commutated bitstream in 
response to identi?cation of a change of said autono 
mous vehicle from said current operating state to a sec 

ond operating state; 
Wherein said changed commutation format speci?es a data 

stream sequence for transmitting all of said data ele 
ments in said commutated bitstream, said data stream 
sequence based on at least a relative priority levels of 
said data elements during said second operating state. 

20. The system according to claim 19, Wherein said com 
mutation format de?nition generator receives at least one 
triage value specifying said relative priority level for at least 
one of the data elements. 

21. The system according to claim 20, Wherein the triage 
value correlates to the second operating state. 

22. The system according to claim 20, Wherein the triage 
value correlates to a data transmission rate. 

23. The system according to claim 19, Wherein said change 
from said current operating state to said second operating 
state is determined by detecting a change from a ?rst activity 
to a second activity for said autonomous vehicle generating 
said data elements When said commutated bitstream is being 
generated. 


